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Introduction
Plain abdominal radiography is a diagnostic tool that contin-
ues to be used in the management algorithm of patients
presenting with acute abdominal pain. The diagnostic value of
plain abdominal radiographs (PAR), which were once believed
to be reliable, has been questioned.1–3 There has, however, been
a negligible shift in the emphasis placed on this investigation
in evaluating a patient with acute abdominal pain. The diag-
nostic capabilities, cost-effectiveness, side-effects due to un-
necessary radiation exposure and patient discomfort related
to transportation are factors worth considering when per-
forming this radiographic investigation.4–6 Furthermore, ir-
relevant and over-utilization of radiographic investigations
cause significant financial wastage to both patients and the
health care provider.7
Diagnostic Value of Plain Abdominal Radiographs in
Patients with Acute Abdominal Pain
A previous study in Malaysia demonstrated that the radia-
tion dose with PAR in our medical institutions is relatively
high in comparison with other countries.8 There are no local
published studies assessing the reliability of PAR in establish-
ing a diagnosis in patients presenting with acute abdominal
pain. The primary objective of this study was to assess the
diagnostic value of PAR in patients presenting with an acute
surgical abdomen and determine its influence in altering
subsequent surgical management.
Patients and methods
This was a prospective cross-sectional study performed at a
tertiary referral centre encompassing all adult patients admit-
ted to the surgical wards with acute abdominal pain who
subsequently underwent plain abdominal radiography. In
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this study, acute abdominal pain was defined as sudden onset
of abdominal pain present for less than 24 hours on
presentation. All PAR were interpreted by the radiologist for
the purpose of the study. The radiologist was asked to inter-
pret the radiographic features shown on the PAR together
with a clinical diagnosis. A proforma was prepared consisting
of four main sections that comprised the patient’s demo-
graphic features, clinical presentation, variables pertaining to
the PAR and other tests involved in the investigative algorithm.
Clinical details recorded included symptoms and findings on
physical examination that matched the inclusion criteria of
the study. The initial impression of the clinician was recorded
to indicate the rationale for requesting PAR.
A total of 24 different possible radiographic findings were
listed on the proforma based on findings of previous stud-
ies.3,9,10 Other investigations performed to arrive at the correct
and final diagnosis for a patient with acute abdominal pain
were also measured. Patients undergoing surgical procedures
had the type of surgery and surgical findings recorded.
Likelihood ratios were calculated for each category of
surgical pathologies using sensitivity and specificity results of
PAR to detect significant associations between PAR findings
and the final diagnosis. SPSS version 10.0 (SPSS Inc, Chicago,
IL, USA) was used to analyse the data. The Chi-squared test was
used to study the significance of the difference or associations
between variables. Logistic regression analysis was used to
investigate the symptoms and signs that increased the prob-
ability of producing a positive finding on PAR. A p value of less
than 0.05 was considered to be significant.
Changes in management due to PAR findings were ac-
counted for, and the clinical, radiographic and final diagnoses
were used to label the PAR requested as appropriate or
inappropriate. An inappropriate PAR would have findings
with no correlation to the clinical findings and vice versa. The
final diagnosis was the diagnosis of a patient prior to discharge
or transfer to another ward or death. The initial clinical im-
pression was compared with the radiographic interpretation
and the final diagnosis to identify cases where a change in
management was a direct consequence of PAR findings.
Results
A total of 583 patients presented with acute abdominal pain
during the study period, of which 168 (28.8%) were subjected
to 246 PAR (153 supine and 93 erect films). The clinical
diagnosis prior to plain abdominal radiography is shown in
Table 1.
The sensitivity, specificity, accuracy and likelihood ratio of
plain abdominal radiography was calculated for all 10 catego-
ries of surgical pathologies listed in Table 1. However, only
three categories, intestinal obstruction, appendicitis, and
hepatobiliary and pancreatic diseases, had an adequate number
of cases for analysis (Table 2). Of the three categories, sensitiv-
ity and accuracy were highest in patients with intestinal
obstruction. Sensitivity was lowest in patients with acute
appendicitis, but the specificity was relatively high. The likeli-
hood ratio confirmed a significant association only between
radiographic findings and a final diagnosis of intestinal ob-
struction (p < 0.05).
The final diagnosis for all 168 patients admitted with acute
abdominal pain is summarized in Table 3. Thirty-three pa-
tients had a final diagnosis of intestinal obstruction. Exclud-
ing these patients, 126 (93.3%) had non-diagnostic PAR. The
diagnostic value of plain abdominal radiography in patients
presenting with acute abdominal pain without features of
intestinal obstruction is demonstrated in Table 4. Plain ab-
dominal radiography was found to have a non-diagnostic role
in a significant number of cases when intestinal obstruction
was excluded (r2 = 35.246, d.f. = 1, p < 0.001).
Table 5 shows the number of positive and negative find-
ings on PAR for each of the 11 categories listed in Table 3.
Patients with intestinal obstruction had the greatest number
of positive PAR findings (90.9%). The other three main patho-
logical conditions that were associated with positive findings
were urinary tract diseases (11 cases, 47.8%), perforated viscus
(4 cases, 44.4%) and hepatobiliary and pancreatic diseases (8
cases, 38.1%). It is important to note that some of the findings
Table 1. Clinical diagnoses before requesting plain abdominal
radiographs
Disease category n (%)
Intestinal obstruction ..43 (25.6)
Appendicitis ..41 (24.4)
Hepatobiliary and pancreatic diseases ..19 (11.3)
Peptic ulcer diseases 13 (7.7)
Gastrointestinal bleed 10 (6.0)
Perforated viscus ..9 (5.4)
Irreducible groin hernia ..9 (5.4)
Urinary tract diseases ..5 (3.0)
Inflammatory bowel disease ..2 (1.2)
Nonspecific acute abdominal pain ..17 (10.1)
Total 168 (100).
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recorded were nonspecific positive findings that did not corre-
late with the clinical diagnosis.
Using likelihood ratio, 43 possible symptoms and signs
were analysed to identify significant clinical features associ-
ated with bowel obstruction, which would increase the like-
lihood of a positive finding on PAR. Table 6 demonstrates the
symptoms and signs that were found to be significant (p <
0.05).
PAR changed the initial diagnosis and the management
in only 15 patients (8.9%). Of the remaining 153 patients, 90
(53.6%) had changes in the initial clinical diagnosis based
on other investigative modalities. The remaining 63 patients
(37.5%) had an unchanged diagnosis from the time of
admission.
Based on the changes of management and surgical inter-
vention that were deemed necessary, 103 patients (61.3%) were
found to have inappropriate PAR with findings that did not
correlate with the clinical diagnosis. The majority of patients
who were inappropriately subjected to plain abdominal radi-
ography had radiographs requested in the emergency depart-
ment (80 patients, 77.7% of those with inappropriate films)
rather than the surgical wards.
Discussion
Plain abdominal radiography remains an important diagnos-
tic tool if it is restricted to certain surgical conditions, espe-
cially those pertaining to intestinal obstruction.11–13 The find-
ings of this study support the sensitivity and continuing use of
plain abdominal radiography in cases of intestinal obstruction.
Of 33 patients with a final diagnosis of intestinal obstruction,
30 (90.9%) had positive PAR findings, confirming the superi-
ority of PAR in diagnosing intestinal obstruction.
Urinary tract pathology was another category accounting
for a high number of positive findings on PAR (47%), corre-
sponding closely with the findings of Eisenberg and col-
leagues.9 A more recent study demonstrated an abnormality in
28% of 268 patients with urinary tract diseases.3 Although
urinary calculi might be visible, there is a possibility of false-
positive and false-negative reporting in up to 50% of patients.
This could be due to the fact that ureteral stones are infre-
quently identified on PAR and could easily be confused with
other abdominal or pelvic calcifications.4
There was only one positive finding (4.8%) associated with
a case of complicated appendicitis in our study. This was in the
form of dilated small bowel loops in a patient with perforated
appendix. A recent study that questioned the use of PAR in
acute appendicitis concluded that PAR is useful in only 5% of
patients who present with right iliac fossa pain.14 The authors
also stressed caution in depending on PAR findings for a
diagnosis in patients presenting with right-side abdominal
pain, as one of their cases was misdiagnosed, resulting in an
unnecessary laparotomy. The diagnosis of acute appendicitis
should rest firmly on clinical and laboratory findings.15 Other
than surgical conditions associated with intestinal obstruction,
PAR was found to have no diagnostic value in a high number
of undiagnosed patients (82.2%) with acute abdominal pain.
This finding is similar to those of other studies that ques-
tioned the routine use of PAR in the management of patients
presenting with acute abdominal pain.2,10,16 A significant
number of patients with acute abdominal pain present to the
emergency department and surgical wards without a clear
Table 2. Sensitivity, specificity, accuracy and likelihood ratio of plain abdominal radiographs in common surgical presentations
associated with acute abdominal pain
Final diagnosis
R. diagnosis
Sensitivity, % Specificity, % Accuracy, % Likelihood ratio p
Yes No
Intestinal obstruction 80.0 65.2 72.1 7.498 < 0.05
   Yes 160 4
   No 8 150
Appendicitis 06.3 80.0 51.2 0.269 NS
   Yes 1 150
   No 5 200
Hepatobiliary and pancreatic disease 27.3 75.0 47.4 0.595 NS
   Yes 3 8
   No 2 6
R. = radiographic; NS = not significant.
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Table 3. Distribution of patients according to surgical pathology
Disease category Surgical pathology Cases Total
Intestinal obstruction Subacute intestinal obstruction 19 33
Acute intestinal obstruction 6
Colorectal cancer 3
Paralytic ileus 2
Adhesion colic 2
Strangulated hernia 1
Urinary tract disease Urinary tract infection 8 23
Renal calculi 5
Pyelonephritis 4
Ureter calculi 3
Hydronephrosis 2
Acute renal failure 1
Hepatobiliary and pancreatic diseases Acute cholecystitis 7 21
Acute pancreatitis 6
Cholelithiasis 3
Hepatoma 2
Empyema of the gallbladder 1
Acute cholangitis 1
Pancreatic adenoma cyst 1
Appendicitis Acute appendicitis 16 21
Appendicular abscess 2
Appendicular mass 2
Carcinomatosis peritonei 1
Peptic ulcer disease Antral gastritis 10 19
Peptic ulcer 5
Gastric ulcer 3
Oesophagitis 1
Perforated viscus Perforated appendix 5 9
Gastric perforation 3
Carcinomatosis peritonei with advanced rectal cancer 1
Hernia Irreducible hernia 8 8
Gastrointestinal bleed Upper gastrointestinal bleed 6 8
Lower gastrointestinal bleed 2
Inflammatory bowel disease Diverticulitis 1 2
Intestinal tuberculosis 1
Gynaecological diseases Perforated ectopic pregnancy 1 2
Pelvic inflammatory disease 1
Nonspecific abdominal pain 22
Total 168
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Table 5. Plain abdominal radiograph (PAR) findings in patients presenting with acute abdominal pain
Disease category N
PAR findings
% Positive PAR
Positive Negative
Intestinal obstruction 33 30 3 90.9
Urinary tract diseases 23 11 12 47.8
Hepatobiliary and pancreatic diseases 21 8 13 38.1
Appendicitis 21 1 20 4.8
Peptic ulcer disease 19 0 19 0
Perforated viscus 9 4 5 44.4
Hernia 8 1 7 12.5
Gastrointestinal bleed 8 2 6 25.0
Inflammatory bowel disease 2 1 1 50.0
Gynaecological diseases 2 0 2 0
Nonspecific abdominal pain 22 1 21 4.5
Total cases 168 59 109 35.1
diagnosis. One of the objectives of this study was to identify
the symptoms and clinical features that would increase the
sensitivity of PAR. The results showed that exaggerated bowel
sounds, abdominal distension, midline scars, constipation,
prolonged bilious vomiting and patient age above 50 years
were good predictive indicators of positive PAR. The predictive
results are in close agreement with those suggested by Eisenberg
et al9 and Bohner et al.17
Plain abdominal radiography had a direct influence on the
change in management in 8.9% of patients in our study,
suggesting that this investigation should be employed selec-
tively for patients presenting with acute abdominal pain with
concomitant features of small bowel obstruction.
Supine abdominal films alone usually contribute a large
proportion of radiographic findings compared with erect views,
which make limited contributions to the management of
acute abdominal presentations.10 There is ample evidence to
suggest that supine films have a higher proportion of useful
information than erect views and that the contribution of
erect films can be dismissed.2,10 The argument for the benefits
of supine over erect PAR can be extended to include the clinical
aspect as supine films may serve a better purpose for the
patient with acute abdominal pain. Patients require minimal
ambulation or movement for a supine film, which is therefore
associated with negligible unnecessary pain, especially in sur-
gical conditions that are aggravated by movement. Most PAR
requested in our study were supine films (62.2%). The request
by the attending physician for a relatively high proportion of
erect films (37.8%) requires attention and a change in practice
as more recent international guidelines on requesting ab-
dominal radiographs clearly disregard the need for erect ab-
dominal radiographs in the assessment of a patient with acute
abdominal pain. A high proportion of the requests for supple-
mentary erect views was from the accident and emergency
department.
Similarly, most patients (77.7%) inappropriately subjected
to plain abdominal radiography had the investigation re-
quested by the emergency department. An important factor to
be taken into consideration is the fact that even an inappropri-
ately requested negative radiological investigation can reduce
the perception of the physician of the emergency and the need
for urgent surgical intervention.
Plain abdominal radiography remains an effective investi-
gative tool in the assessment of a patient with acute abdomi-
nal pain if it is limited to patients with suspected intestinal
obstruction, urinary tract calculi and perforated viscus. Our
findings confirm that the need for this investigation as a
routine procedure in patients presenting with acute abdomi-
nal pain is limited and its use may even be harmful, consider-
ing the side effects of radiation. As long as there is a continuous
effort to upgrade its sensitivity, such as identifying diseases for
Table 4. Association between findings on plain abdominal radio-
graphs and diagnostic value (excluding patients with bowel
obstruction)
Plain abdominal radiographs Diagnostic Non-diagnostic
Positive findings 9 020
Negative findings 0 106
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Table 6. Symptoms and signs with significant plain abdominal
radiograph findings in cases of intestinal obstruction
Clinical features Likelihood ratio p
Exaggerated bowel sounds 22.059 0.001
Abdominal distension 10.768 0.001
Bilious vomiting 09.324 0.002
Constipation 06.079 0.014
Midline laparotomy scar 05.862 0.015
Age > 50 yr 05.008 0.025
which it has high sensitivity and establishing proper guide-
lines or criteria based on predictive symptoms and signs, the
diagnostic capabilities of PAR in patients with acute abdomi-
nal pain could increase and, at the same time, the number of
unnecessary abdominal radiographs could be limited.
This study supports the continuing effort that is required
to assess the reliability of PAR in patients presenting with
clinical features suggestive of intestinal obstruction.18,19
Although ultrasound and computed tomography have a
higher sensitivity and specificity than PAR, they are less suit-
able in emergency situations or as a routine in all cases of
intestinal obstruction.20 We also emphasize the necessity of
reducing cost, excessive radiation exposure and time wasted by
limiting the number of unnecessary PAR performed. Though
guidelines for requesting PAR exist, such as those proposed by
the National Radiological Protection Board in the UK,21 these
are only useful if physicians adhere to them. The radiology
department in each hospital has a further responsibility to
ensure that suggested guidelines are utilized and complied
with.
This study has shown that PAR have little influence in
changing surgical management in most patients with acute
abdominal pain. For PAR to be helpful, it should be used
appropriately, interpreted by an experienced clinician, and
reinforced by a radiologist at an early stage to procure a more
effective outcome in the overall management of a patient with
acute abdominal pain.
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